During the course of our screening for natural products from fungi, extracts of several cultures were found to make a family of related resorcylic acid lactone compounds, which are potent inhibitors of MEKkinase. Comparative and empirical studies of fermentation conditions improved the titers of the compoundsof interest. Striking changes in the ratios and amounts of the major and minor compoundsin somecases were achieved by manipulations of media composition.
Evidence has suggested that MEK(MapK/ERKkinase), a mitogen-activated protein kinase which is threonine/ tyrosine specific, is important in growth factor signal transduction1}. Activation of MEKappears to be necessary for cell differentiation and transformation; thus, a specific inhibitor of MEKmay have potential as an anti-cancer agent. A family of lactones was found in our natural products screening program to inhibit MEK. The compounds are related to hypothemycin, a known resorcylic acid lactone, reported to be an antifungal agent2'3\ Recent reports describe several MEKinhibitors: PD098059, which reversed cell transformation4'5^U0126, an inhibitor of AP-1 transactivation6), and Ro 09-2210, which had potent anti-proliferative effects7). A recent patent8) covers a kinase inhibitor, similar to the MEK inhibitors mentioned here, which inhibits cell growth.
This paper describes the fermentation of three fungi producing related resorcylic acid lactones. The fungi respond differently to the same fermentation conditions, and the ratios of major and minor compounds sometimes can be manipulated by medium changes. The fermentation processes for two of the cultures were successfully scaled up from shake flasks to 23-liter tanks.
Methods

Origin and Maintenance of Fungi
The fungi used in these studies, listed in Table 1 , were maintained as frozen vegetative mycelia at -75°C. The sterile stains were distinguished based on differences in growth rates, colony pigmentation and texture, and microscopic characteristics of hyphal branching when grown on a set of mycological media that included cornmeal agar, oatmeal agar, malt -yeast extract agar, and air flow, 0.5 vvm; pressure, 0.6 bar. The working volume was 14 liters and the inoculum size was 3.6% (v/v).
The dissolved oxygen of the medium was maintained at or above 30% relative to saturation throughout the fermentation. The media used in the fermenters were CYS80 or MV8, as described in Methods, with the addition ofpolyglycol 2000 as antifoam at 1.7 ml/liter.
Fermenter parameters for the production of L-783,279 DEC. 1999 were as follows: Temperature, 22°C; agitation, 400 to 600 rpm; air flow, 0.4 vvm; pressure, 0.3 bar. The working volume was 15 liters, with an inoculation size of 3.3% (v/v). The glucose was sterilized separately and added to the fermenter in two equal parts. One addition was at 0 hours, and the other addition was at 13 days of incubation.
Increases in agitation from 400 to 600 rpm were necessary to maintain oxygenat or above 30%relative to saturation.
After four days of cultivation, the pH was controlled using a sterile 10%sulfuric acid solution, to maintain a maximum pH of 7.0. The medium was NPF2, as described in Methods, with the glucose sterilized separately and added as a post-sterile shot. Polyglycol 2000 was used as an antifoam at 3 ml/liter.
Assay Conditions
The fermentations (fungal growth plus broth or solid substrate)
were extracted with methylethylketone and assayed initially using MEK, as described by Zhao et al.9\
The extracts were evaporated to dryness and redissolved in methanol for analysis by HPLC. The HPLCconditions for separation and quantitation of the compounds were: Zorbax RxC8 (DuPont), 4.6X250mm column; elution at 1 ml/minute with acetonitrile : water (35 : 65); temperature, 50°C; detection at 300 nm with a Knauer UVdetector.
Results
Lactone-producing Fungi
The isolation and characterization of these resorcylic acid lactones (shown in Figure 1 level of production of the major compound L-783,277 was approximately 20%greater in the dark than in the light (Figure 2 ). On the other hand, the production of the minor compoundL-783,290 appeared to be unaffected by the light. Cultures MF6293 and MF6280 did not exhibit this difference in production in a comparison of dark and light conditions (data not shown). Further work will be necessary to determine if the observed effect of light on production titers in our studies is regulated at the transcription level.
Media Studies Culture MF6275, which was initially screened on liquid medium, was tested in several other liquid media to find conditions under which higher levels of compoundwould be produced (Table 2A) . Cultures MF6293 and MF6280, on the other hand, were screened initially using a solid vermiculite support over which a nutrient solution had been poured. After activity was detected with these cultures, efforts were made to find liquid media in which the compoundsof interest would be made and to improve the titers of the compounds produced (Table 2B and 2C) . Although a number of media were tested, some yielded little or no production of the lactones; representatives of the productive media are shown here.
We were unable to identify a single medium that supported the best production of the lactone compoundsin all three fungi ( Further Studies with Culture MF6275
Flask Media Volume Studies with MF6275 The effect of varying the volume of medium in shake flasks was examined. Studies with 30, 50 or 70ml of CYS80 medium in 250ml flasks indicated that more metabolite was produced at the higher volumes ( Figure  3A ). This effect was also observed at the 2-liter flask level ( Figure 3B the titer was 254mg/liter, although MV8 appeared to peak over 300mg/liter before declining. In the shake flask controls, which used tank media, CYS80 yielded nearly 500 mg/liter and MV8was over 300 mg/liter. Further Sudies with Culture MF6280
Carbon Source Substitutions with MF6280 Aneffort was made to determine a mediumin which liters of L-783,279 produced by culture MF6280 were enhanced over L-783,278 titers. This was due to the fact that the isolation of L-783,279, in the presence of large amounts of L-783,278, was difficult.
Therefore, we attempted to improve the production of L-783,279, while minimizing the levels of L-783,278 (below 10% of the L-783,279 levels).
In the media study above with MF6280 (Table 2C), LSFAD1 yielded the highest L-783,279 titers, but the L-783,278 levels were even higher. In several other media, the L-783,278 levels were elevated as well (CYS80, MV8, and less so in AD2). The data suggested the appropriate media with which to continue development were NPF2 and Def2. These media supported titers of 200-300mg/liter L-783,279 at 22 days, with ratios of L-783,278/ L-783,279 of 7-12%. Additional carbon/energy source studies were done to determine if the titers and ratio could be further improved. The data in Table 3 indicated that, compared to glucose in the original medium, none of the carbon substitutions tried enhanced the titers or ratios. Fructose showed comparable results, at least for NPF2.
Since it is less cost-effective than glucose, the carbon source was not changed.
In subsequent experiments, titers of L-783,279 in NPF2 and the ratios of L-783,278/ L-783,279 appeared to be somewhat better than Def2 (Table 4) . Although the titers varied somewhatfrom one experiment to another, the best L-783,279 titer was 400mg/liter in NPF2 with a ratio of 9%. NPF2 was chosen for subsequent work with culture MF6280 for L-783,279 production and was used in the 23-liter scale-up.
Scale-up ofMF628Q in 23-liter Tanks MF6280 was scaled up in 23-liter fermenters, with the objective of maximizing the process for L-783,279, while reducing the levels of L-783,278 below 10% ( Figure 6 ). NPF2mediumwas used, with the glucose sterilized separately. One of the tanks yielded up to 800 mg/liter. The levels of L-783,278 were fairly low, but did not meet the 10% objective. The L-783,278 titers were lowest in the early part of the fermentation, but seemed to increase in the later stages.
Discussion
The results reported here showthat three fungi, which make a family of related lactones, responded differently to various fermentation conditions. Those conditions, which were best for lactone production by one culture, were not necessarily the ones that were best for production by another culture. MF6275responded best to CYS80or MV8 in the dark, while MF6293 preferred MV8 but did poorly MV8 further increased the titer of the major compound in MF6275. MF6280 produced the lactone L-783,279 in good liters on CYS80and MV8,as well as on media LSFAD1 and AD2. However, the best media for the production of L-783,279 by MF6280 had the disadvantage of also supporting high production of L-783,278, which complicated downstream processing. Another medium (NPF2) was chosen for development of this culture in order to minimize the production of L-783,278. Media manipulation in culture MF6280 appeared to greatly influence the ratio of major and minor compounds. This was not true in MF6275: the major compound remained the Best titers (mg/liter) of 14-28 day samples.
major compoundin all conditions; the minor compound was not much affected by any of the conditions.
A better understanding of the biosynthetic origins of these resorcylic acid lactones would be of interest. There appears to be no precursor-product relationship of one There does not seem to be any direct correlation between the media components and the compounds which are produced. The differences in production of resorcylic acid lactones reported here appears to be culture dependent.
Culture type A (MF6275) produced compounds L-783,277. each type, the distribution of compounds was affected by medium.The carbon sources do not appear to account for the yield differences. However, the overall yields were lower in defined media or partially defined media (Def2, NPF2, AD2). The complex nitrogen sources in the other media CYS80, LSFAD1and MV8supported higher titers. Thus, the slow utilization of nitrogen sources appeared to yield higher titers. Yeast extract did not appear to be important as a nitrogen source, however, since AD2 (containing yeast extract) was one of the lower yielding media. While there appeared to be less growth in the defined media in some cases, this may indicate a need for trace nutrients supplied in the complex media. However, differences in growth do not appear to account for all the differences in yields. Perhaps the metabolic pathways or pathways of enzymes involved are different, when various nitrogen sources are used and results in the observed differences in titers. Differences in yields from various types of complex nitrogen sources have been observed elsewherel4\ where it was speculated that the amino acid composition and the molecular weight distributions of proteins and peptides in the complex nitrogen sources are critical for production. Further studies are required to understand the mechanistic basis for the observations reported here. VOL.52 NO. 12 THE JOURNAL OF ANTIBIOTICS
